Aim-To determine the predictive value of plasma and cerebrospinal fluid (CSF) tumour necrosis factor-(TNF-) and interleukin-1 (IL-1 ) concentrations on the outcome of hypoxic-ischaemic encephalopathy (HIE) in full term infants. Methods-Thirty term infants with HIE were included in the study. HIE was classified according to the criteria of Sarnat and Sarnat. Blood and CSF were obtained within the first 24 hours of life and stored until assay. Five infants died soon after hypoxic insult. Neurological examinations and Denver Developmental Screening Test (DDST) were performed at 12 months in the survivors. Results-At the age of 12 months neurological examination and DDST showed that 11 infants were normal; 14 had abnormal neurological findings and/or an abnormal DDST result. Eleven normal infants were classified as group 1 and 19 infants (14 with abnormal neurological findings and/or an abnormal DDST and five who died) as group 2. CSF IL-1 and TNF-concentrations in group 2 were significantly higher than those in group 1. Plasma IL-1 and TNF-concentrations were not significantly diVerent between the two groups. IL-1 , but not TNF-concentrations, in group 2 were even higher than those in group 1, although nonsurvivors were excluded from group 2. When the patients were evaluated according to the stages of Sarnat, the diVerence in the three groups was again significant. Patients whose CSF samples were taken within 6 hours of the hypoxic insult had higher IL-1 and TNF-concentrations than the patients whose samples were taken after 6 hours. Conclusions-Both cytokines probably contribute to the damage sustained by the central nervous system after hypoxic insult. IL-1 seems to be a better predictor of HIE than TNF-.
Hypoxic-ischaemic brain damage in the fetus and neonates, is a major cause of acute mortality and chronic neurological disability in survivors. The association between the degree of hypoxic insult and the adverse outcome is still not clear. Similar degrees of insult may completely spare one child and devastate another, so very sensitive parameters are needed to be able to predict outcome in infants with birth asphyxia. [1] [2] [3] TNF-and IL-1 are two important cytokines released mainly by mononuclear cells and macrophages in response to infection and tissue injury. Both of them have important roles in metabolic abnormalities and multiple organ failure detected in infection; they are also good predictors of outcome in sepsis. 4 5 The role of these two cytokines in tissue injury due to perinatal asphyxia has also been investigated in some experimental studies. The results suggest that they may have important roles in the response of the neonatal brain to acute hypoxic-ischaemic injury. [6] [7] [8] However, it is not clear whether they have the same eVect in human neonatal brain after perinatal asphyxia and whether they can accurately predict prognosis. This study aimed to determine if plasma and cerebrospinal fluid concentrations of IL-1 and TNF-can be predictors of early prognosis in neonates after HIE.
Methods
The study was approved by the Akdeniz University Medical School Ethics Committee. Thirty infants with a gestational age of between 38 and 42 weeks were included in the study. Infants were accepted as eligible if they had at least three of the following criteria: signs of fetal distress, as indicated by late decelerations on fetal monitoring or by meconium staining of the amniotic fluid; Apgar score of< 5 at 5 minutes; requirement for resuscitation and/or intubation in the delivery room; arterial cord blood pH<7.2; multiorgan failure; and one or more abnormal neurological signs such as irritability, tremors, altered consciousness, abnormalities of tone and convulsions in the first 24 hours of life.
HIE was classified as mild (1), moderate (2), or severe (3), according to the criteria of Sarnat and Sarnat. After informed parental consent had been obtained, blood and cerebrospinal fluid samples from the infants were obtained within the first 24 hours of postnatal life. None of them had evidence of infection at the time. Infants whose blood or CSF cultures became positive after the samples were taken, were excluded from the study. Five infants died soon after diagnosis. Others were followed up every month by routine physical examination. Their detailed neurological examinations and Denver Developmental Screening Tests (DDST) were performed at 12 months of age.
Blood and CSF samples were obtained simultaneously from each subject. CSF samples were collected aseptically into sterile tubes and directly frozen at −60°C until assay. Blood samples were also collected into sterile tubes containing liquid ethylenediaminetetra-acetic acid. Tubes were centrifuged at 4°C (800 × g) for 10 minutes. After centrifugation plasma was removed and frozen at −50°C until assay.
Commercially available enzyme linked immunosorbent assay kits, specific for TNF-(Milena, DPC Biermann GmbH, Germany) and IL-1 (High Sensitive, Research and Diagnostics, Minneapolis, MN) were used to assess the concentrations of these cytokines. Briefly, standards or samples containing the tested cytokine reacted with monoclonal antibodies coated on a plastic well and, after incubation and washing to remove any unbound antibody-enzyme reagent, the detection reagent (substrate) was added and incubated. The reaction was blocked with sulphuric acid and the plate was read at the appropriate wavelength. A standard curve was plotted and tested cytokine concentrations were determined by interpolation from this curve. All samples were tested in duplicate. The minimal detection level was 6 pg/ml and the standard curve was between 15.6 and 1000 pg/ml for TNF-; they were 0.1 pg/ml and 0.125-8 pg/ml for IL-1 .
There were wide variations in TNF-and IL-1 concentrations in patients so the MannWhitney U test or the Kruskal-Wallis test were applied, as appropriate, to analyse diVerences among groups; p<0.05 was regarded as significant.
Results
Eleven infants had grade 1, 10 grade 2, and nine grade 3 HIE according to Sarnat. Five infants died within a few days of postnatal life. Of 25 infants, 11 had normal neurological and DDST results, 14 had abnormal neurological findings and/or abnormal DDST at the age of 12 months. Thus 11 infants were classified as group 1 and 19 infants (14 abnormal neurological findings and/or abnormal DDST and five died) as group 2.
Plasma IL-1 and TNF-concentrations did not show significant diVerences between the two groups (p=0.182 for IL-1 and p=0.342 for TNF-). CSF IL-1 concentrations in group 2 were significantly higher than in group 1 (p=0.002). Similarly, high TNF- IL-1 concentrations in group 2 were still higher than those of group 1 even though nonsurvivors were excluded from group 2 as they had very high cytokine concentrations. The diVerence between the two groups was insignificant for CSF TNF-when non-survivors were excluded from group 2 (p=0.01 for IL-1 and p=0.1 for TNF-) (table 3). The positive and negative predictive values were 80% and 70% for IL-1 , respectively, when nonsurvivors were included, and 73 % and 70% when they were not. The same values for TNF-were 83% and 50%, respectively, when they were included, whereas the values were 72% and 50%, respectively, without them.
When the patients were evaluated according to the Sarnat classification, the CSF concentrations of TNF-and IL-1 were 63.18 (18. Patients whose CSF samples could be taken within the first six hours after hypoxic insult had higher concentrations of IL-1 and TNFthan the patients whose samples were taken after six hours (5.0 (2.03) vs 2.49 (1.36) for IL-1 and 144.92 (99.12) vs 68.4 (26.82) for TNF-).
Discussion
Various studies have attempted to find a sensitive parameter that will accurately predict outcome in infants with perinatal asphyxia. Acidosis in umbilical cord blood and low Apgar scores are poor predictors of outcome after birth asphyxia. [10] [11] [12] Cranial tomography, somatosensory evoked potentials, magnetic resonance imaging and spectroscopy, pulsed Doppler, cerebral function monitoring and early EEG monitoring seem to be useful for prognosis but the search continues for more sensitive parameters. [13] [14] [15] [16] In our study infants who had abnormal neurological findings and/or abnormal DDST at 1 year of age or who died soon after hypoxic insult had significantly higher CSF IL-1 and CSF TNF-concentrations than the infants without any neurological sequelae. In contrast, plasma IL-1 and TNF-concentrations did not show any significant diVerence among the two groups. These findings suggest that increased CSF IL-1 and TNF-might be produced locally in CNS as a result of cerebral hypoxic insult.
The role of pro-inflammatory cytokines on neuronal damage after hypoxia were investigated in some experimental studies by measuring the cerebral tissue IL-1 and TNFcontent by reverse transcription, followed by polymerase chain reaction. In these studies marked transient stimulation of IL-1 mRNA expression was detected, peaking at 4-6 hours and returning to normal 24 hours after hypoxia. Similar transient increases were also detected in TNF-mRNA expression. 7 8 In another study of rat brains, Hagberg et al 17 found that a transient increase in IL-1 bioactivity occurred after hypoxic insult, reaching a peak at 6 hours. Martin et al 18 showed the neuroprotective eVect of interleukin-1 receptor antagonist (rhIL-1ra) against brain injury by administering it before and/or after hypoxic exposure. All these findings suggest that IL-1 and TNF-may have important roles in the response of the neonatal brain to acute hypoxic-ischaemic injury.
To our knowledge TNF-and IL-1 concentrations in the CSF of human neonates with hypoxic insult have not been studied before. In our study CSF IL-1 concentrations of the patients with abnormal DDST and/or neurological findings were still significantly higher than the patients without sequelae even though non-survivors were excluded from group 2. The diVerence was insignificant for CSF TNF-concentrations when non-survivors were excluded from group 2. This finding suggests that CSF IL-1 seems to be more valuable than TNF-in predicting the prognosis after hypoxia especially in infants who survive. Similar to the studies of Hagberg 17 and Szaflarski, 7 we found higher concentrations in the CSF samples taken during the first six hours after hypoxia than the samples taken subsequently, which suggests that the diVerence between the groups would have been even greater if we could have obtained all the samples in the first six hours after hypoxic insult.
Interleukin-6 concentrations in CSF after hypoxia were evaluated and were significantly higher in the patients with adverse outcome. 19 IL-6 is known to have neurotrophic and neuroprotective eVects; it also opposes the eVects of TNF-and IL-1 , both by inhibiting their synthesis and by stimulating the generation of their naturally occurring antagonists. [20] [21] [22] So it is not clear whether IL-6 participates in the degeneration or repair of neurons after ischaemic brain injury. We did not analyse IL-6 concentrations in our patients, but we believe detecting three of these cytokines at the same time helps us to understand the relation between them and their role in the pathogenesis of tissue injury after hypoxia.
According to Azzopardi et al, 23 neonates subjected to transient hypoxia-ischaemia during an episode of birth asphyxia seem relatively normal soon after resuscitation, but show evidence of delayed cerebral injury some hours later. The mechanism of delayed injury is still unclear, but in the brains of infants dying after birth asphyxia, cells can be detected which show the hallmarks of apoptotic death. TNFis thought to be a potent activator of apoptosis and can trigger apoptosis by activating sphingomyelinase, leading to an increase in cytosolic concentrations of ceramide, a potent inducer of apoptosis. 24 Our findings suggest that these two cytokines or at least TNF-may be responsible for the biphasic process of cerebral injury and adverse neurological outcome or death by inducing apoptosis. The detection of very high CSF TNF-concentrations in the patients who died some time after hypoxic insult supports this hypothesis.
In conclusion, both cytokines seem to have important roles in damage to the CNS, and IL-1 seems to be a better predictor of outcome in HIE, but more investigations are required to understand the role of these cytokines in cerebral injury caused by hypoxic insult.
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